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^ This application claims the benefit of U.S. provisi P 

, L , ftlOQ o whic h i s incorporated herein by reterence in 
60/079,926, filed March 30, 1998, wnicn is inc v 

Not AppHcabie. oF ^ INV£NTION 

Edi ^fSf i nven ti on *. to compositions e f matter and methods for 

sy „,hesi*ng . — - — — — *" ^ ^ 

1 yla l— - — — ■ - — includes a 'T d 

• de ceramic bodies »»» intra-granuiar P- ta «" — " 

f ° r fomin8 inBa : ir : - — - - - - - - "° n 

— ieS ThemVCTt ' 0nPr l fc catW ,ate— anes and aiuminum-o.de 
, thr use of chemical substrtuents on the carooxy 

" , • , He, the use of controlled-porosity ceramics for cerarmc 

. i ti,p invention also includes the use 01 ^un 

:=======~==== 

to as powder-processing, shape-forming, and dens.fcafon, often w 

to as powoe p ,„.,.„„ 10 ™ Whereas traditional sintenng process 

finishing step (Kingery e, a,. .976 and Rtcherson 1992). Wl 



30 



• ^ ^ nH the dispersion is polymenzed to form a sou 
j« the concentration (aging) or the pH, the aispe 
change m the concen ^ ^ a 

.1 The excess liquid is removed from this gel by ary g, 
, 1077^ however the strong interactions of the freshly pre P 

rr; : - - — — - - - ~- *° m * e hydro,ys,s 

aluminum alkoxides, Al(OR) 3 (Eq. »• 



H 2 0 A 



A1(0R)3 



Al-gel ► A1 >°> <0 



20 Teichme, - a, 0 W repo-a *e ^ * suitabte a Wna g eis, « 

« — ce.mic bodies can he ^ ^ et a , 

incrcased sisn r 1 ssr-t:^ — - - 

(199 7),Nikolic and Radonj.c (1997) propri etary, however, a typ.cal 

c omposi,ion of the ge. in commerc.a. systems * ord m P ^ ^ ^ 

— - - — : - —rrl— compound has — * - .he 
inhibit premature precipitation of the gel. The 



25 

direct precursor to pseudo-boehmite 



k:\i\1789\02201\02201 App 



6 



10 



K A sol gels formed during the hydrops of aluminum compound. 
The aluminum based sol-gels form T^e materials were first reported 

in „ 58 (Andrianov and Zhadanov, 1958) w,th * ^ shown that the 

to „ prepared with a wide variety of subsets on 1— ^ 1W2 and Landry 

et al. 1993). For example, sdoxy a boehm „ e 

aU , m i„um-oxy 6 en cote suture — "alxanes, - — " ^ 

[A KO)(OH)Vwi«»asi.o X idesu b s,„ue„,,.n,hes oxy ^ 

lik e that shown in Figure , Howevet, the ^ 3 ). Based upon 

structural ana,o g of the organic porUon found m * ^ has _ develoI! ed 
this approach the reaction of boehm.te, rAl(0)(OH)l„, w,.h 
(Landry etal. 1995) or Eq. 2. 



HO2CR 



, 5 [Al(0)OH)]„ 



[Al(0) x (OH)y(02CR) z ]n 



(2) 



530 



25 



30 



Have been well characterized (Landry et al. 1995 and 
Carboxylate-substituted alumoxanes have b ^ carboxylate - a ,umoxanes 

Callender et al. .997). Soiution P^~'" , m m ^ ,0, 1. and .2). Nano- 

^-^^; i ^2 f Z sizes ranging from ! nm ,0 . pm. - 
partic ,es are ordinarily ^denne a r— ^ ^ ^ ^ ^ under 

ca rboxylate ligand is bound to the alumm of boehmite and 

editions. The carboxylate-a— , — ^ K 7 , ^ 
e.rhoxylic acids are air and water ^ spin coated, and spray-coated onto various 

so ,ub,e carboxylate-alumoxanes ~J»J^^. „ Wghly depe „dent on the identity of 
substrate, The physical property of these uine powd ers to 

— mse 

^oers that readily form solu„ons or gels u t y He to a ^e range of 

Lnoxanes are indefinitely stable under am ,en, — ^ ^ ^ „ p0 „ mild 

: - — - - - - - — 

oxides (Kareiva et al. 1996). distribu ,i„n and pore density) is an important 

The control of porosis *ore s.ze, pore . ^ corrosion 

=ir^."===f---— ----- 
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\r« Tracks propagate intergranularly (between grains) 
act a s cracx stoppers in more porous ~ ^ ^ in — in g the fracture mode. 
an d therefore the grain boundary toughness plays a large ^ 
Porosity between grains can promote craclc propagating wer * . 
ln Bom traditiona. and so,-ge, processes, the porosny o « - • ^ 

of fl ri „g and the add„,on of >e* d ^ ^ ^ ^ „„„ 

Direct chemical control has not been observ ^ 
an d porosny are functions of the ceramic parUc.es used to ma^ e, J ^ 
polity is determined by the gaps between the par, ^ 

— - is b -i nr s — - ^ ^ 

require that submicron powders be used (m 

<™ are potent, 

aerospace applications include high thrust-to-weght rat, «« J ^ ^ 

impu lse rocte, motors. Ground based ^"'^ ^ ^ance clamic materials , ha, 
enBi „es. ,n each of ,hese appUcations there ,s a ^ ' ^ ^ ^ nickel base d 

can be readily ^ZZZZZZZ* composi.es, FR CMCs have higher 
superalloys) and proposed metalhc ano oxlda ,ion resistance. 

strenglta , lower densities, higher maximum use - ^ 

— — -- d ^tr^tsz ta - — — • 

resistance to cordon, and can meet most catastrophic 
However, the brittle nature of — — ^ ^ ^ c—ic 

fa „„ r e has limited the,, use , dues. By «m * ^ ^ 

failures can be reduced or ehm.na.ed. A major «' ^ that is 

rcvr\AC^ is the absence of a fiber-matrix mien v 
matrix composes (FRCMCs) <h ^ ^ ^ ^ ^ pRCMCs „ 

weak and stable over the ent,re range of expected u ^ ^ ^ 

.^stability — --* rfh - 

f ,ber and,or matrix. The — ^ ^ ^ debonding or to 
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m onolithic polyc^mne oxide cerauucs ,o. - ^ ^ ^ ^ ^ 

o^^to*™^^ 1 *™**^ environments, are oxide fibers (,,. 
« these high temperature, and tmder -~ — _ „ „ matri x and fib er 
sapphire) or si.icon carb.de (S.C) fiben An ^ ^ ^ In fiber remfomd 

m a,eria,s must be chemically m flb er reinforcement prevents 

eemmic, the reinforcement is ,o enhance the fiartu. g ^ ^ ^ ^ 

trophic brittle faiiure b y provdmg — - ^ ^ out , and fibe r 

operation of various tokening mechan *m , su ^ ^ , 

br id g in g , depend to a lar g e extent on the ° ^ flbM surface ch emis«y and 

„trix interface. This ^J^"^,^^^^"^ 

by the fiber surface morphology and the fiber/ by hlgh 

Iposites with strong interfaciai j teraction is wea, then a composite »Ui 

streng ur and ,ow fracture ,ou g hness. If* > ' ^ ^ ^ lt h before 

«, by catastrophic manner, and show h,gh J ^ ^ mechanlca , 
w#ly aesirabie to control ^ intrface must be sufficiently wealc to aiiow 

savior of *e composite. The ' ^ matrix; oterw ise the cract passes 

aeWingandsiidingwhenacrae tmpm ^ ^ ^ ^ tMghenng 

tnroug h the fiber (or the fiber fads near -"^J^ rf flber ^s and the interact 
between the coating and both the no 

of the coating materials. distri bution and porosity in ceramics is 

In contrast, contro! of pore s,ze pore Membr ane-based 
imp orta„t for their applications in c~*£~ ^ ^ p rev en,ion, resource 
technologies piay a unioue and ™L 1 Due in large part to cost considerations, 
^overy and waste treatment acttvmes Ba^ ^ „ 
poivmeric membranes have dom.na.ed thes ^ such as ma ny 

lh e use of polymeric membranes ,n separate « ^ rf ^ membrancs , 

s „,ven,s, acids, bases, and oxidants may — J for thrir excellent mechanical 

extreme conditions (Hsieh, 1988). CeramK , — ^ fc ^ the 

streng ,h and tolerance to solvents, ^-U* ^ ^ ^ ^ membl ane S for 

amphoteric properUes " = ^ char g e, select*, and permeation rate vary as a 
water and waste water treatment. ^ 
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• ~f th* feed water solution chemistry, 
.notion of P H, ionic - - — l^S. — 

Bahus (1997) and Kim and Stevens (1997). Mem ^ ^ rf ^ fee(J 

the contaminants can be manipulated through a ju 

membranes are 

stre am in one or more pre— ^ l, ceramic support: OUubo, et 

al. (1990), Elaloui et al. (1997), Lin ^ individual membranes 

.hematic vie W o f a typical membrane J^*^^ ^ fusion in the 
are mounted into a membrane mod^ ^ ^ ^ ^ _ CQnstraine<i th e 

s„,-ge, process and In oddition , a Key obs.Ce to overcome m 

ron ge of membrane types that prevention applications is cos,. The sol- 

advancing the use of ceramic membranes for pol.uUo p ^ ^ 

..processes current, used to produce > invested in verifying 
intensive and difficult to control. Constderab Mltnatblc for 

manufacture of ^^^t^^^^^^ 

membranes (Fumeaux et al. 1989), pore s.a> 8 ^ a „ d 

a „odic oxidation. Hoover, strong die ectnc — ««» ^ ^ ^ ^ 

ion heam or chemical etching is performed to prod ^ 
membrane must be high, selective, ^^^ZL a narrow distribution 

0 selectivity is primarily dependent , y u . Action of global 

1 contributes to a highly se.ect.ve membrane. Men* P ^ h 
^ po rosity, membrane thiCess, — ^ ^ , ^ compromise wi ,h 

obtained by high homogene.ty and h,g. d» ■ ^ 

^•^T.C^-^- ° f - s " but high 

25 thin selective membrane onto a larger, 

permeability. 

SUMMARY OF THE INVENTION 

30 of controlled pore size, pore size msx 

**™«^<^»^"^£?2 of carboxylate-alumoxanes that can be 
The inventive method is based on the use 

described by the general formula: 



k:V\l789\0220l\0220l App 



1 



and/or [A.CO)x(OH) y (0 2 CRM0 2 CR%.]n -d/or 

l Al(0M0H) > (O 2 CRM0 2 C R M0 J CR'Vl„e.c. 

™ d R»COrt are mono-carboxyla.es and R (and R' and R") are the 
where RC0 2 - (and R'C0 2 " and R C0 2 ) are ^ ^ ^ ^ ^ 

5 same or different and are from .he group haloaroma tic group, or 

B roup is preferably an W allceny,, — ^ p containing a ne.ero-a.on, including, 
alky ,, alKeny,, — e.her groups or « ga^ g P ^ ^ ^ ^ 

oxygen, nitrogen, suite, phosphorous. Th se comp ^ ^ ^ ^ ^ ^ 

described in Landry e. al. (1995), Apble« e. al. (W£ ^ ^ cartoxylate . a , um „xa»e vanes 
,0 method of Callender et al. (1997). T e co ^ employed 

n depending on .he s.arting ^'^^^^ results in alumina being 
3 by Callender e. al. (1997). Th=rmol y s.s of vhe «*. » ^ rf ^ ^ the 

5 formed. ,n accordance wi.h ^^ZL carboxy,a.e substituents. ht particular, 

0 alum ina-0Kide ceramic is dependent on the , ent y ^ ^ of the 

tf - — n of intra- -^^^o S ^^^^ 

u carboxylate substituents. Sumlarly, s,ze ana 

Q of the organic substituents. manufac t„re of ceramic coatings on ceramic 

8 ^ invention also provides method for h ~^ ^ sized 

1 and carbon fibers for composite of the catboxyl a,e-alumoxane in 
So pores. Dipping a ceramic or carbon fiber ^ ^ ^ rf ^ atenimmv 

accordance with <he invention, drymg and fin g P ^ ^ 

and hence the sTeng*. ^^"to^-alumoxane. Thermolysis of self-supportmg spun 
.he choice of the subshtuen, on the carbox y ta ^ ^ ^ pore 

25 laye rs of the — -~^ s * ^ « ^ ^ 2 

size dis..ib».ion and poros,ty. Also, po membrane . 

of .he carboxylate-alumoxane, follow* * " » I , Kramfc body of 

A ccording.y,inapreferredembc< i ,me„«,.hep.sen ^ ^ 

30 alumoxane represented by the , , nd R is hydrogen or an organic group. 

from 0 to 3, z is from 0 to 3, n is greater than 6, and R is by g ^ ^ 

I nano.herprefe n edemhodimen.«heinven.,on.ndudes ^ xylate . alumoxa „e 
si ze and distribution comprising the thermolys, product 
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, o/ra mm (C»Croz(02CR'Vln, wherein x is from 0 to 1.5, y is 
represented by the formula r AI(0)x(0H)y(02CRM 2 ^ ^ ^ ^ ^ 

from 0 to 3, z is from 0 to 3, * is from 0 to 3, n is greater than ^ ^ 

ft, same or different, is hydrogen or an organie group, and wherem 

sa me or different, is hydrogen or an organic grou^ ^ ^ body 

ln y e, another preferred — ^ rf . ^ acid with boehmite, 
«^^*«^^ m rf ^^ dll wherein the porosis and pore s.ze 

S roUpS - , K„ rtim .nt the invention includes a porous ceramic compostte 

!n yet another preferred embod.ment the ^ of „ 

prising a nano-partide comprising the ,he*. u« ^ ^ ^ 

^ I — : - — - - — " 

distribution of the ceramic composite 
I alumoxane. invention includes a porous ceramic filter of 

) controlled pore s,ze and pore svze d ^ Mlbo xylate-alumoxane wtth an 

j includes a fiber reinforced material 
So * ye, another preferred — ^ ' ^ ^ composiK of a nano-particle 
" comprising a fiber, and a fiber coatmg ^ rf , subslitute d carboxylate- 

comprising the thermolysis product of ^ of , he cetamic 

ainmoxane with an alummum oxtde where n < ^ e 
composite are controlled by the substUue n . « *o ^ ^ rf , he 

25 , n ye , another preferred embodtmen. the mven ^ a 

porosity and pore si, dis.ibu.ion of ceram* «- ^ 
car boxy.ic acid ,o ^ 

For amo re de^aescrip.ionof,hepreferredembod,men K of,heprese 
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„f.heoeripheryofacarboxylate-aromoxane; 
Fiaure 3 is a schematic representatton of the penph ry 
^ 4 is a scheme rep—on of a W ica. spacer U 8 . d> 

^icreDresentationofintergranularporostty, 
Figure 5 .s schemat.c represen agranular porosity. 

Figure 6 is a another schema,* represent * . ^ ^ 

Figure 8 iUustrates *«- ^ 8 wrsus ^.granuiar porosity; 

— : - , - , '- to " , ^' 

carboxylate-alumoxanes; &1 ftom fired acetat e-alumoxane; 

Figure 14 is a TEM nnage of AW, acetate . alum0 xane illustrating intra- 

Figure 15 shows TEM negative unages of fired acetat 

granular pores; acetate -alumoxane illustrating intragranular porosity; 

Figure 16 shows images * image of fired acetate-alumoxane cerarmc 

Figure 1 7 is a Selected Area DrffracUon (SAD) unag 



IP 

Q material; 
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1; . fmived carboxylate-alumoxanes; 

Figure IS shows surface .mages of m,xed 

Figure 21 is a SEM image of a coated fnt; 

Figure 23 shows a mtcrogra of « ^ 
Figure 24 shows m.crographs of coated a ^ 
Figure 25 is a schematic represent -on ^ ^ carboxylate 

Figure 26 is a har char, comparmg ^ 

alu moxa„es and aphysica. mtxture of two carhoxyiate 

Figure 27 is a bar chart comparing the pore s.ze 

„d a chemica. mixture of two carhoxyiate aiumoxanes. 

alumoxanes and a cnemi^a 
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DETAILED DESCRIPTION OF THE IN VENTION 

and/M . ; ;:l s , _ 

The carboxylato-alumoxanes are hmiB with calbo xylic acids in a 

an d are prepared by the reaction o, . boehmrte ^ can be a 

suitable solvent (Tables 2, 3, 4, and 5). 1 vista chemical Company) or 

commercial boehmi.e product such as Catap* £R ^ ^ , hen 

Prep-, W the hydrolysis of 

hvdrothermally treated at 200 C tor car boxylic acid can be 

Lnumtri— ^^^^J^^^^^^ 
any monocarboxylic acid. The carboxyl.c -d - >* * phosphines, etc. Unlike sol-gel 

atom functional 8 roups such as ^^Z** -* «*« ~ ^ 

^thesis the carboxy.ate alumoxanes are s*e « ^ of me carboxylat e 

whereas the choice of solvents in ^ ^ which is almost 

alum oxanes is dependent only on the ,den, ty of* ^ ^ ^ therefore 

unrestricted according to the present mven,,^ ^ ^ ^ advanta8es 

0 readilycontrcUedsoastomaUe^^ 

1 are significant, the alumoxanes hav yet fate Qf fte alurooxane 
.ernary and ,ua,ernary ceramics. The most d am ^ ° ^ ^ ^ ^ ^ 
methodology. The alumoxane route s sm^e "d ^ ^ ^ ^ ^ ^ 
without significant effects on the product A- ^ ^ routt 

Thermogravimetric/differential thermal anal s ^ ^ ^ 

aUm „xa„es generauy indicates two maior ——i, of the carboxylic acid. The 
30 temperatures a, which these regions occur ,s dep ^ ^ ^ ^ ^ 

v „,a.i,es arc predominantly the carboxy » * ' As may be expected, the ceramic 

is hherated from the acetate-alumoxan , ■ ^ fcr ^ (M . 75 %) , .owes, for 

yieW is conditional on the identity of the car^c ac . ^ ^ ^ 

35 alumoxanes decompose above 1 80 C to g. ^ 

k:\r\WK9\02201\0220lApp ^ | 
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ai O fJCPDS # 29-63) and 01-AI2O3 
resu ,,si„,he formation — th e bB —^— 

(Co* JCPDS , - - - ^ Me ^ „ a . atamma a bove ,000 

seq ue„ce of aiumina. A« of .he carboxy! a«e a,— ^ ^ ^ ^ ^ 

°C with firing time, > 4 hours. It >s mterestmg ^ ^ (empeIature of 

this pha se nation and faUure to observe ,-Ah0 3 f- ^ 

very smaU initia, pore si. (iarge surface area) and 8 17) , and 

aC e,a,e-ah,moxane (A-A) to c,a,umina at iower ,h n ,h ex^« rf ^ 

AB the un-doped carboxyiate-aUunoxanes tn the P ^ 
and porosity, ho, whh -"J^r; ei , h er high porosity — , so.id 

™ i,h * sma,,er p— ighCT mic " 

density. , MA . (met hoxyacetate) alumoxanes exists 

as a nanocrystalline matnx wtth a very lug from A . atamoxane 

by TEM studies figure B, lu — anaiys, h , ^ ^ ^ 

re vea,ed very fine uniform intra-granu.ar poros.ty (*gu ^ ^ ^ 

rela ,We,y iarge (ea. 2 ^ ™ ^Z^^L* conditions, i.e., a higher 

Cemica, identity of the suhstituents than ^ ^ ^ t0 

engineer pore size continuously between 



25 
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- ^-o-ea—a —^T^ 

t0 ughness. Intra-granuiar pores mste*dof '""^ interac ,ions to occur. The formation of 
.oughness and iess oppor^nity for pore/boun ar^ nature of 

agranular pores for the A-aiumoxane ,s though, be 

k:\r\1789\02201\02201 App 
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nf tbe orB anic substituent (Figure 9) Table 2. Other 
the acetat e—e ana — ^ ^ ^ ^ ^ ^ ^ , less than 
carboxylate-alumoxanes can produce E 

50 nm. „ , .. „, ion and porosity, and hence density, through 

Control of pore size, pore » J c pro «ssin g in which physieai 

methods oniy are appiied. The poros.ty of *e r=su E ^ CH , subst ituen.s 

carboxylate side chain. That is, the pore s.zes ^ ^ ^ 

is „ from those with C 5 H, , sub— « ^ _e can he 

cross-linked after fabrication of the membrane w, 

inhibits the collapse of the ceramic. of more tha „ one 

Inst ead of using a single carhop «- • ^ 4 ; 6 mi 7 , ^ 

carboxylate-alumoxane may be produced a d to ^ ^ ^ ^ of 

porosity (average pore size and pores.ze {s . mixture of the values of each 

each carboxyiate-alumoxane (Table S). In gen L the P carboxylaK . alumoxanes may be 

indiv idua 1 carboxy 1 ,e-a,umoxane(F 1 gur=s26 ^ ^ ^ ,„ each 

Resized in which more than one type ^ f *o V ^ individual materials, and is 

anmoxane nano-particle, Tbe resuhmg ^ (Table 8 , ^ relative intra- to 

inter-granular porosity can dg 

carboxylate groups. ted to !eave a thin membrane 

Solutions of the carboxylate-alumoxane may P ^ ^ ^ ^ a 

W hich is glass-like (Figure „). The — choice of the carboxylate group 

ceramic membrane in which the poros.ty - — ^ 18 , As 

^-*rf^*^^ m t^l a porous substrate such as a glass or 
an ahemative to a self-supporting ceram.c — _ J ^ ^^^e 

ceramic f „ter frit may be spun ^ the .mposite consists of a 

soiution, Figure 21 (Tables 9 and 10) Afte d* g ^ carboxylate . ammoX ane 

membrane supported on a coarse filter (F.gu« ^ The PP ^ ^ ^ ^ ^ ^ 

.crived ceramic membrane does no, have^o be ft ^ ^ have lhe 



So 
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■„ eenerated without being sintered 
• on ,„ sol-gel methods, aliows for stnaiier pores to be genera 
comparison to soi b cl 

o„, during thermal treatment. ^ , so)ution of lh e carboxylate- 

Carbon or ceramic fibers can also ***** .„ a „ ove „ or wil h a heat gun, the 

-^^^ a ^ WA ^r^ appropriate ceramic coating whh a 
caI boxyla,e-alumoxane can be thermoly -d. ^ ^ ^ ^ to) s „con 

cbemically controUed porosit, ^ conditions ot .hermolysis of the alumoxane 

carbide (Figure 23) and sapphtre ■ ^ ^ carboxylate -a,um oxane^T e 

coating are dependent on, he type o *efi* - ^ ^ beter 

^pr^mic coating. 



1 during fonnation of the ceramic coatmg 

J] 5 



&0 



during tormauoii - 

EXAMPLES u were conducted on all samples uti.izing a Couher S 

Surf ace area and pore size analysts were con ^ ^ 0£ „ , 

nou rs under nitrogen gas on the SA J ^ absorbate and helium gas was used 

rang e. For actual analysis, nitrogen gas - ^ _ _ determined using 5 data 

,o measure the free-space in the sample tub. B ^ equation at norm a, 

points. The t-plot method was ~ ^ dium (45 da «a points) resolution and the 
esolution. WH parameters w- determm d u^ ^ „ reported 

eouation used was Harlcins-Jura. Pore srze d.stnbu , ( ^ ^ m 

Iction of the «H adsorption. AFM irnag* ^ , ^ mo de AFM. 
Scanning Probe Microscope, ^ radius of 5 - ,0 nm (also from D*- 

PESP tips were used with a pyramrdal shape ^ ^ ^ ^ ^ angle 

Ins ,rumen,s). .mages were taxen a, scan — °~ J were later pr ocessed to 

las changed from 0 to 4, to checx -he ^ ^ 2 accompanying Hanoscope software, 
obtain roughness, grain to, and secfon ^ w ^ ^ ^ ftom Spectrum 

P ermeabi,i«y was derived ftom Flux expenmen- g ^ ^ „ a ttnk 

, 0 and Sartorious. The cells were 400 mL and 20 ^ ^ ^ pressure for each 

of K ro-air for positive pressure. A pressure - to ^ and ured 
flux experiment a, 10, 20, or 30 PS,, and ^ ^ . ^ water fiUe, 

^metrically. Ultrapure deioni*ed ^ ^ l^, disks with precu, holes in the center 
Membrane samples were epoxied » had an a rea between 0.5 

otk „own area, matching each membrane ptec. T 

k -.\r\n89\02201\02201 App ] ^ 
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f ,00 .o 250 un, Prewetted g.ass fiber supper* were 
mi 2 cm> and a thickness * > * » * J was mcasure d with a gon.ome «. 

underneath the membranes ,o prevent crackmg ^ a ^ fo „. 

Samp ,es from flux experiments were used stnce ^ ^ ^ ^ ^ , he 

Sa mp,es were p.aced upside-down on top of a 6 a ^ ^ ^ rf ^ 

sam p,e submerged. An air bubbie was p.ac d - *e s ^ ^ ^ ^ 

contact angie were read for each s,de of a bu . ^ ^ ^ by 

m embrane surface were measured us,ng the - ^ were cras „ed with a 

curing the e.ectrophoretic mobdtty w th a Ze, ^ ^ ^ ^ ^ 

nrortar and ^stic and combined with sodmrn ch, n*- ^ ^ ^ m or 

, <00 mgL-l NaCl soluUon. The solutions w 

— - — - - potentia ' wcrc m 

voltages. ilh]Stnlte the ease and versatile of the approach 

7t:;:C— of .he ^ ~- - - — - 

and are not to be construed as the omy 

scope of the present invention. „ th „„wet a te-»lun.oxane (MEEA-A). 

Examp.. 1= Syndesis --^f*f*^b«»)«*. <>° 2 mL) ^ 
Pseudoboehmitc (20.0 g) and me,hoxy(ethoxyeU ^ ^ ^ ^ ^ 6000 

in water (400 mL) resuiting in a dear soiuhon aft ■ ^ ^ ^ ^ , gel 

wW ch was then dissoived in ethano. (100 mL) b ^ ( , 00 mL) and 

et „er (200 mL). The white soiid ^"^riai. The MEEA-alumoxanc is so,b,e in 
dried a. 50 °C for 24 h resuiting m a dear gi a. y m ^ ^ ^ ^ ^ ^ ,„ 

„ a ,er, methano., chioroform, and * " fo „ owed by . temperature ramp »P 

225 -c atthe rate of rC/min., soaked for 30 mm, ^ ^ ^ ^ maximum 

to 300 -C a. the rate of 2 -Cmm., and soaked^ SO m . ^ ^ ^ ^ 

f 1 m0°C (over 360 minutes) which was 
temperature of llOU <ovc 

Lm,e2:S^-^^^^ 

Me , h „xy(e«hoxye,hoxy)acet,c acd 60 mL) ^ ^ clear/ye , low 

solu tion was fihered and the fiHrate ^^. ^ was obtained upon addition of 
gel was dissoived in ethano. and the wh.te/ chow -ow J^^^^ showed 2 23% 

ceramic yield (weight loss of 77.7/c). 



lio 
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, . H f r 2 h a, 200 »C, followed by a tenure ramp up to 1000 -C at 
rate of 1.5 -C«n J , soaked for 2 h. at 200 

derate of 5 »C.min-l . soaked for 2 K 0Mne (MEA . A ). 

Ej a ro p.e3=S y n.h MiS ofMe.^y(e*o^ mL) ^ refluxed ,„ 

Pseudoboehmi.e (10.0 g) and methoxy * ^ ^ 6000 ^ 

^er (.00 mL) for 24 h, — in a clear — ^ ^ ^ ^ (n a ^ 

for , h and decanted. The water was remov^ ^ « ^ ^ ^ (10 

^e ge, was washed with E, 2 0 (3 x 75 mL, < en ^ ^ ^ ^ ^ , ^ 

m i„„,es,TheM E A-a— -^^^ <B ^ B ^-— 
powder. After drying overmght a, 50 J for 3() min , at 22 5 °C, followed 

L heated from 25 °C to 225 °C at the rate of C/m^ ^ ^ ^ ^ . fi „ al 

byatemr.ratnrerampup^OO.Cattlterate^C ^ ^ was then mamtti ned for 

ra mp to the maximum temperature of 1 100 C (o 

Me«hoxy(e.hoxy)ace.icac 1 d(152mL)wasd ^ cleai/yellow 

B hoehmite (.0 g) was siowiy added ^ *^ ^ pr e S sure to a yeiiow ge, The 
so H,,ion was filtered and the filtrate ™ ^ product was ob tainec upon addition o 
gel was dissolved in ethanol and the wh.te/ eUow pow P _ ^ 27 . 0% 

Lhy, ethe, Vield: S2, , The *» » ° C » ° C * ^ 

ceramic yield (weight loss ^ » • «* '» " " " 

ra teofl.5-C. m in->,soakedfor2h.a.200 C.f 

f ,op min* 1 soaked for 2 h. 
Pseudoboehmi.e (10.0 g) and methoxyacet, »d ^ ^ ^ 

wat er was removed in vacuo (10- To.) - » C mL) while stir ring (50 minutes). 

„„h diethyl ether (4 X 150 mL) then dtssol-d e*a ^ ^ ^ „ 

Th e alumoxane was precipitated v,a he add ,on * < ^ ^ b _ (100 ^ 

S0 °C the solid yield was approximately g. P in , wWte M 

isola ,ed b, filtration, concentrated under vacuum £ d ^ ^ ^ ^ ^ for 30 

material. The alumoxanewas heated from 25 C, ^ ^ of , „ c/min „ ind 

-c" - = : - — — * "' c '"" " 
n — •— 
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Example 6: Synthesis of Acetate-alumoxane ^ ^ ^ 

. , /-or* n a \ was slowly added to a vigorously bum & 
Pseudoboehmite (20.0 g) was siowiy then 

(51 , mL) in wate , P oc — i- - — b 

centrifuged .t 6000 rpm for 1 hour to yteld a c ^ ^ ^ 

and dried for 24 hours a, » »H S ^ ^ =c _ ^ 

2S "C to 225 "Car, herateo, for g0 mins „ with . f m a, ramp to the 

ramp up to 300 °C a. *e ra, of 2 CM ^ _ ^ ftr 400 

maximum temperature of 1100 t i^ov 

minutes. 

Ex»P>- 1: Sy"' hMis »' AM,!,te ' a, TT n,! „ aK r (800 mL) to which Vista Captal B boehmite 

Ac e«c acid (SO mL> was dissoivcd ,n w a, (800 m ^ ^ ^ ^ 

(1M g) was siowiy added, and ^^Z^ and cM a, 4,00 rpm for . 
THe dear so.ution was then " ' ^ and evapora ,ed under reduced 

hou , The solution was decanted away from the « P ^ ^.^^ 

assure at 80 «C, resuUing in a whHe was heaK d from 25 -C to 
sh „wed 7 ..9% ceramic yieid (we, e h, toss of ■ / > ^ ^ up 

* ~f i s °r mhr 1 , soaked tor L n. ai , 
200 °C at the rate of 1.5 Ljmn , 

to 1000 °C at the rate of 5 -C.min-1, soake d for 2 h. 

Example 8: Synthesis of Acetate-alnmoxan. ^ ^ 

Prepared in an analogous manner to that in Examp 

shown in Table 2. 
shown in Table 2. 

Examp.. 10: Synthesis of Ma.ona.e-alurnoxane. b (J 

Ma,onic acid (5 g ) was dissoWed ,n - ^) ^ ^ ^ ^ ^ 

g) „ as s ,ow,y added and the reaCon » ^ ^ ,„ ^ resuWn6 

wa ,er was added to the sohmon and the rcaCon ^ _ ^ 

5 oc.min- 1 , soaked for 2 h. 
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Prepared in an analogous manner .0. 

mL of wa.er and Vis* <** » »— £ ^ ^ under reouced pressure .oy^ a 
i v*^^™^* (100 mD and ,he whi.e powder produ < ™s 

! . J!,,. „el was dissolved in ethanol (.1 ( showed 32 . 5 /. 

; brown eel. The ge ^ g , g ^ TGA ot P ^ ^ 

ob «ained by .he addmon of d *hy e ^ heated from 25 C » 2 

ceramic yield (weigh, loss of 67^)- by % ramp up .o 

rate ofl.5"C.mi»-',soa k edfor2h.a.200 C, 

f s °C min- 1 , soaked for 2 h. wrtate-acetate-alumoxane. 

Prepared m an anaiogou 
sh owninTao>e4. f ^ ^ 

sn owninTable4. ^--^^T^To^ 
sho wninTab,e4. 

"""^ in an analogous manner .0 *a. ,n — 
shown in Table 4. 
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A^^^^^^Jtf «. .owly added and the solution was 

50 „ mL of - and Vista Capta, B — * ^ ^ ^ ws 6va pora<ed under 

allo „ed ,0 reflux for 72 hours, TTte ^ dissolved ta ethano, and ,he produc 

5 educe d pressure resulting in a diethyl et „e, Yie.d, ^ , *» TCA ° 

was coUected as a white powder upon the a ^ ^ „ 

the produc, showed a 2,5 % ceram.c ^ 2 ^ ^ 2M ^ fol , owed by a 

from 25 °C to 200 -C - *e rate of 1. C. ^ ^ 

■ — ^srrrr^— — — — 

s — — — 

M aliimoxane (A-A). into about 20 mL of w»«e, After St.™. 

f 5 MEA-A (1.0 g) and A-A (1.0 8) -re d ^ ^ After 

' for apP— , y 0, ^ * — — 

I — SSL.- 

MEA/A-A (1.0 g) and A-A (1.0 g) w ^ After approximately 

Rarely 0.5 hours *e solutions were poured 

18 >- 
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Example 27: Physical Mixing o 

„»« (MEA/A-A) and "-a**-^^ 26 wi ,h the amounts and conditions 
Prepared in an analogous manner to that 

*^^ X ^^tK^^^^9Mi»^^^*^^^ r ^^ Ex»nH»*e *6 with the mm*** coo^*it*o tt, 
show .i„Ta bl eZ ^ ^ ^cetho^acetate-acetate- 

Example 29: Physical Mixing « 

(MEA/A-A) and 26 wi ,h the amounts and conditions 

Prepared in an analogs manner to that 

show n inTahleT ^ ^.*^«*---"»«- 

5 Example 30: Physical Mixing 

i .umoxane (MEA/A-A) and «"«^^^ 26 with the — and conditions 

Prepared in an analogous manner to 
i shown in Table 7. 

i „U 31. .nf.Hra.io" o, a.umino -sthca ^ • ^ ^ ^ wtcA , A soWi o„ 

!0 A ftiter frit (pore size ca. 25 urn, was placed ■ ^ ^ ^ 

f of A-A (iO g ) in .00 m, of water was <*»*££L -on. The frit was aUowed to 
whic „ resuited in the ceramic fri, "soalcmg wi ,„ an excess of the atumoxane soiutton 

• frit in the schlenk. lhe lru waa 

(# dips) and firing sequence shown in Table 9. 

Example 33. Ration of aluminc 31 with the number of infiltrations 
30 Prepared in an analogous manner to that 

m dips) and firing sequence shown in Table 9. 

sr. ~ — " " — 

(# dips) and firing sequence shown in Table 9. 

k:\r\n89\02201\0220lApp fj 
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(* dips) and firing sequence shown in Table 9 
(# dips) and firing sequence shown in Table 9. 

ExamP le 37. Inflation of 3 1 with the number of infiltrations 

Prepared in an analogous manner to that 
(# dips) and firing sequence shown in Table 9. 

Exam plc 38. in^on of 3 1 with the number of infiltrations 

Prepared in an analogous manner to 
(# dips) and firing sequence shown in Table 9. 

Example 39. Infiltration of 3 1 with the number of infiltrations 

Prepared in an analogous manner to that m Exa 
(# dips) and firing sequence shown in Table 9. 

Examp le 40. — n of alunun ^c.ett « ^ ^ ^ ^ ^ rf 

Prepared in an analogous manner to 
(# dips) and firing sequence shown in Table 9. 

(» dips) and firing sequence shown in Table 

(# dips) and firing sequence shown in Table * 

— - — 31 wi,h - nuraber of tafiUra,ions 

(« dips) and firing sequence shown in Table 9. 

Example 44. WBW«- »' ^ ss ""^ a ScWeck flask and evacuated. A solution of 

A glass filler frit (P"« - » « P»~« » ' * cam „ a undeI vacuum which 

A-A (10 g) m 100 mL of water was int^ ^ ^ _ ^ ^ ^ for 
resul ,ed in the glass fri, — up . e u- ^ ^ 

ap p,o— 05 hours ^-^-^ a , lowed to dry a, room 
— *• Wl * I X i— glass frit was beared from 25 -C » 350 C 

in f„, ra ,ion was repeated w,c. 
analyzed by SEM, heated from 25 C to 700 ^ 

k:\r\1789\02201\02201 App Z)\ 
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(«dips)and firing sequence shown in Table 10. 
(# dips) and firing sequence shown in Table 10. 

ME EA-alu m o*ane (0.1 g) was o,sso.v d ,n CHC 3 ^ 
„ dipped in MEEA-alumoxane so,— ^ fib6t was heaK d from 25 
aipping/drying untU desired coa»„g t«cn - ^ ^ by . Kmp era, U re 

•C * 225 °C a, <he rare of 1 "C.min-l ^ for g0 mi „,, with . final ramp to ,he 

tmp U p ,o 300 -C a, ^e of which was .en — - « 

maximum temperature of 1100 ^ 

minutes. , rarbon fibers, 

shown in Table 11. oar bon fibers. 

^:^^^:^::z s , - - - «• - °- d 

MEEA-alumoxane (0.1 g> was d,ssolve ^ dry „ room 

stirring . Th e fiber is dipped in - ~ unti , desired «*. 

thickness is obtained. The coax 
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300 °C at the rate of 2 

^ for 30 mins. at » - « ^TJir temperature - »« - 

EMm Cid * » .**» » ** in Exampie 5 

^ t^l-n*- - — - ~** T 5 3 using the — ana conations 

^Cld in « anaiogous man- «o .hat in Exampie 53 

^ '"tTZ*** - — «" ^ '"T "T« using «» — and conditions 
^ t « * " , "" ,i " a ^ M T using the amounts ana conditions 

show n in . 0 f YAG coated carbon fib- ^ ^ ^ (40 

Example 5». rrepa dissolved in n2^ v. 

Varium-aopeaMEEA-a— « (03 ) moxane ^ a „a aHowea o 

•O ana stirring. The fiber is aippea » *e Y-aopea M dipping/a rying unt.i 

Lirea coating «*- " — ™ ~ „ c followed by a temperature ramp up to 300 C 

T" »' YAG ^ Mrb ° n ! ,be " te 58 using the ana conai.ions 

^'C^ an ana.ogous manner to that in Exampie 58 

siri— — , *, P .» - - « 

'caicium-aopea MEEA-aiumoxane 0, g) me solutio „ ana 

(40 -c, ana stirring. The finer is Q for ^ ^at dipping^* 

,„ parti* ary at rem *>^*££ ^ fiber was heatea from 25 -C to *5 
un ,iiaesirea coating thickness tsobtamea. 
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■ M 225 -C followed by a temperature ramp up to 300 
-OH .-^T- mi„,, with a final ramp to *. — 

shown in Table 11. rar bon fibers, 

shown in Table 11. carbon fibers. 

EMmP .e 64. Preparation of Wb on,,ecoa.ea - ^ b ^ (J mL) at room 

Calcium-doped MEEA-alumoxane «Ufl ^ ^ , 0 ft|Uy air 

dry , a , room tempera^ Rep« « ^ rf , ^ soaked for 3 mms 

coated fiber was heated from 25 C ^ rf 2 oc ^ , and soak ed for 80 

=^i- 

shown in Table 11. car bide fibers. 

, <7 Preparation of bibonite silicon carina at rQom 

Example 67. 1 repar^v dissolved in v 

Calcium-doped MEA-alumoxane (0.1 t d in a Ca-doped MEA-alumoxane 

coating ftidr— - — ' T by . ttmp erature ramp up to 300 C a, 

•Cmin-'. soaked for 30 mms. a<225 C, tempKalurc of U00 

. i a =™lted for 80 mins., with a tinai rai v 
of 2 .C.m,n-', and W ^ ^ ^ minutes . 

°C (over 360 minutes) wnicn wa car bide fibers. 

,e68 Preparation of hibonite coated s.hcon carbi he &mounts and conditions 

EXam C^in an analogous manner to that in Example 67 usin g 

shown in Table 12. 

23 
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shown in Table 12. e nirnn carbide fibers. 

Prepared in an analogous manner to that. 

shown in Table 12. carbide fibers, 

shown in Table 12. carbide fibers. 

^ ; T ; b '^P-«»- - — SiUMn *e amounts and conditions 

Calcium-doped MEA-alumoxane (0.5 g) ^ ^ ^ ^ MEA . 

Jxane solution and aliened » ^ J „ is chained. The coated fmer « 

ta 24 h. Kepea. dipping/drying ^ *■ < ^ J fo[ J0 mins . at 225 •* followe <>y 

hea ,ed from 25 °C to 225 -C a. the rate of Cm ^ ^ for M mins „ with . m al 

ramP to the maximum temperature of 1100 

400 minutes. silicon carbide fibers, 

prepared in an analogous manner to that. 

shown in Table 12. -i^ rtT1 carbide fibers, 

shown in Table 12. 
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Calcium-dopeo MEA-alumoxane (0.1 g> fe . mea- 

ttmp erature. sappnire « ^ ^ ^ temperature. — 

JLxane solution and allowed to ft* ^ ^ ftom 25 -C to 225 C - 

„„«, desired coating * ^ ^ „ c followed by a temperature »* <° 3 °° 

therate on -C-rV— .-^^ 0 min,, - » Sua. ramp « - — 

! r" *Z««- °< «»~ ^ "f" using the amounts and conditions 

Prepared in an analogous manner 
^ u^lU- •" Wb °" i ' e CMttd ^ using the amounts and conditions 

te T 85 W C-«»" - C<> " ,ed MPP r t79 using the amounts and conditions 

Caicium-coped MEA-alumoxane 0.5 ) ta g me , a , doped MEA- 

(4 „. C ) and stirring. Tb. «b- <• *-* ™'* Repeat dipping/drying untii destred 

coating thickness is obtained, i 
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„ +rt ^no °C at the rate 

„ S . C followed by a temperature ramp up to 300 

on . C .m m -Kands^ foi400minu , e , 

Examp ; r !S * - - toe ° us manner to ,bat m 

Prepared in an analog"" 
5 shown in Table 13. 
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